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Abstract

Objectives—To compare the effectiveness of physician judgment and an electronic algorithmic
alert to identify pediatric patients with severe sepsis/septic shock in a pediatric emergency
department (ED).

Methods—This was an observational cohort study of patients older than 56 days with fever or
hypothermia. All patients were evaluated for potential sepsis in real time by the ED clinical team.
An electronic algorithmic alert was retrospectively applied to identify patients with potential
sepsis independent of physician judgment. The primary outcome was the proportion of patients
correctly identified with severe sepsis/septic shock defined by consensus criteria. Test
characteristics were determined and receiver operating characteristic (ROC) curves were
compared.

Results—Of 19,524 eligible patient visits, 88 patients developed consensus-confirmed severe
sepsis or septic shock. Physician judgment identified 159, and the algorithmic alert identified
3,301 patients with potential sepsis. Physician judgment had sensitivity of 72.7% (95% CI =
72.1% to 73.4%) and specificity 99.5% (95% CI = 99.4% to 99.6%); the algorithmic alert had
sensitivity 92.1% (95% CI = 91.7% to 92.4%), and specificity 83.4% (95% CI = 82.9% to 83.9%)
for severe sepsis/septic shock. There was no significant difference in the area under the ROC
curve for physician judgment (0.86, 95% CI = 0.81 to 0.91) or the algorithm (0.88, 95% CI = 0.85
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to 0.91; p = 0.54). A combination method using either positive physician judgment or an
algorithmic alert improved sensitivity to 96.6% and specificity to 83.3%. A sequential approach,
in which positive identification by the algorithmic alert was then confirmed by physician
judgment, achieved 68.2% sensitivity and 99.6% specificity. Positive and negative predictive
values for physician judgment vs. algorithmic alert were 40.3% vs. 2.5% and 99.88 % vs. 99.96%,
respectively.

Conclusions—The electronic algorithmic alert was more sensitive but less specific than
physician judgment for recognition of pediatric severe sepsis and septic shock. These findings can
help to guide institutions in selecting pediatric sepsis recognition methods based on institutional
needs and priorities.

INTRODUCTION

Sepsis is a complex clinical syndrome resulting from a systemic inflammatory response to
infection. Each year, there are approximately 72,000 children hospitalized for severe sepsis
in the United States, resulting in significant morbidity and mortality, and nearly $4.8 billion
in U.S. health care expenditures.1=3 There have been significant advances in early
recognition and overall approach to sepsis over the past decade, which have demonstrated
improved patient outcomes with protocol-driven treatment in patients with sepsis.1 >

Pediatric studies performed in the intensive care setting have demonstrated an association of
delayed or inadequate goal-directed resuscitation with increased mortality.22 In response to
these findings, the implementation of protocol-driven management for pediatric patients
with sepsis in the emergency department (ED) has been able to expedite care, reduce
hospital length of stay (LOS), and decrease mortality.4—5

An important limitation to widespread implementation of protocol bundles for pediatric
sepsis is the challenges of early and accurate identification of patients with potential sepsis
who may benefit from these intensive therapies.” This identification process is particularly
problematic in the pediatric ED, where there is a high prevalence of fever with signs of the
systemic inflammatory response syndrome (SIRS), despite the fact that the vast majority of
these patients are not seriously ill.8-° Moreover, hypotension tends to be a late finding in
young children, and is less useful to drive early recognition and treatment in pediatric
sepsis.®

The electronic health record (EHR) is a powerful platform on which decision support tools
can be developed and implemented to expedite the sepsis recognition process. The EHR
incorporates vital signs, physical exam findings, and past medical history that can be filtered
through an electronic algorithm to alert clinicians for suspicion of sepsis.19 One such sepsis
alert using a combination of SIRS criteria and hypotension reduced time to key resuscitative
interventions for adults with severe sepsis and septic shock in a general ED setting.11

We developed an electronic algorithmic alert based on key elements outlined by the
American Academy of Pediatrics (AAP) Septic Shock Collaborativel? to identify patients
with potential sepsis in a large, busy academic pediatric ED. Elements included in the alert
are standard (age-based vital signs, perfusion, mental status, underlying high-risk
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conditions) and should be generalizable outside of a dedicated pediatric setting. In this
study, we sought to determine the performance characteristics based on a reference standard
of an electronic algorithmic alert, routine physician judgment, and both a combination and a
sequential mechanism using the algorithmic alert and physician judgment.

Study Design

This was a retrospective cohort study. The Institutional Review Board at The Children’s
Hospital of Philadelphia (CHOP) approved the protocol.

Study Setting and Population

This study was performed at a single quaternary care urban children’s hospital with
approximately 90,000 ED visits and 3,600 pediatric intensive care unit (PICU) admissions
annually.

All visits for patients between 56 days and 18 years old to the CHOP ED between January 1,
2012 and May 31, 2013 with documented fever = 38.5° C, documented hypothermia < 36.0°
C, or chief complaint of fever were included. Eligible visits were identified through the
CHOP fever registry, an extensive database that captures all ED patient visits with
documented fever = 38.5° C, documented hypothermia < 36.0° C, or chief complaint of
fever. Because a putative prospective sepsis screening tool would be used at the visit level,
we used ED visit as the unit of analysis.

Study Protocol

The CHOP fever registry contains over 150 patient data elements for each visit extracted
from the EHR, including demographic data, past medical history, ED vital signs, ED nursing
assessment of capillary refill, pulses, skin condition, mental status, ED and hospital
laboratory results, ED and hospital therapies, and ED and hospital LOS.8

Briefly, severe sepsis is defined as SIRS plus potential infection plus at least two organ
dysfunctions, and septic shock is defined as SIRS plus potential infection plus
cardiovascular system dysfunction. Organ dysfunction definitions are listed in Data
Supplemental 1. This was the only variable that was not automatically extracted from the
EHR and was determined by medical record review. For ED patients admitted to the PICU
within 24 hours of ED triage, the outcome was determined using a standardized daily
screening checklist of all PICU patients that was completed by the PICU team as part of
routine clinical care. For ED patients who either died prior to PICU admission or for whom
organ dysfunction completely resolved prior to transfer from the ED, we reviewed the
medical record to identify patients who met consensus criteria for severe sepsis/septic shock
in the ED but who no longer met criteria for severe sepsis/septic shock after hospital
admission. Prior to review, all investigators concurred on the application of published
definitions of severe sepsis/septic shock using medical record review. Final determination of
severe sepsis/septic shock was determined using all clinical and laboratory data available in
the medical record by three investigators (FB, JF, SW) blinded to the algorithm alert but not
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to physician judgment and was documented on a standardized report form within the study
database. Any discrepancies in outcome determination were resolved by consensus among
the three investigators during monthly meetings. This occurred as part of an ongoing quality
improvement project and investigators at that time were blinded to the hypothesis in this
study.

Two strategies of sepsis recognition were studied: routine physician judgment (physician
judgment) and an electronic algorithmic approach (the algorithm alert). Physician judgment
was determined to be positive if the treating clinical team initiated treatment using the
existing ED sepsis pathway. Treatment on the ED sepsis pathway requires an electronic
physician order that is a reliable and objective indicator available for all ED visits at our
institution. Physician judgment occurred prospectively as part of routine clinical care.
Before and throughout the study period, educational sessions were provided to instruct
physicians on how to recognize severe sepsis/septic shock and when to initiate the ED sepsis
pathway. Physicians were directed to take the following items into consideration when
considering initiating the sepsis pathway: vital signs, past medical history, mental status, and
perfusion. The educational sessions did not instruct physicians to assign particular value to
any sepsis risk factors, but instead instructed them to synthesize their clinical opinion in
determining their final decision.

The algorithm alert incorporated demographic, clinical, and physical parameters
recommended by the American Academy of Pediatrics Septic Shock Collaborative (Data
Supplement 2).12 We retrospectively applied the algorithm alert to the eligible study cohort
within the CHOP fever registry. The algorithm alert was first applied following completion
of the nursing triage assessment with subsequent reconsideration at any point in which new
vital signs or nursing assessments were entered into the EHR, thus providing a continual
screen throughout the patients’ ED visit. The algorithm alert was positive for potential sepsis
if 1) an abnormality was noted in at least three of the following vital sign categories:
temperature, heart rate, respiratory rate, or blood pressure recordings; or 2) abnormalities in
any two vital sign categories'314 plus at least one of the following: = 1 high-risk condition
(Data Supplement 2), abnormal perfusion (defined as capillary refill > 2 seconds or
abnormal pulses), or abnormal mental status (defined as inconsolable, eyes do not open to
stimuli, lethargic, agitated, or non-responsive). All of the algorithm alert variables were
electronically extracted directly from the EHR: vital signs from nursing flowsheets, high-
risk conditions from the problem list, and perfusion and mental status assessments from
automated prompts within the nursing flowsheet rows routinely completed during the triage
process. The EHR is built such that physical assessment fields for perfusion and mental
status default to normal and are actively changed by the triage nurse if abnormal. These
settings are standard at our institution and were not specifically formatted for this study.
While abnormal vital signs could occur at any point during the ED visit, the algorithm alert
only considered high-risk conditions, perfusion, and mental status assessments that were
available following the initial triage assessment. The alert required vital signs to be from the
same time point to trigger a positive screen (i.e. tachycardia and tachypnea needed to be
simultaneous; the alert would not take heart rate from one time point and respiratory rate
from another time point to yield a positive alert).
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In addition to consideration of the algorithm alert and physician judgment alone, we a priori
planned to determine the role for two different blended strategies. For the combination
method, the alert was positive for potential sepsis if patients had either a positive physician
judgment or the algorithm alert and negative if both physician judgment and the algorithm
alert were negative. For the sequential method, the alert was positive for sepsis if an initially
positive algorithm alert was subsequently confirmed by a positive physician judgment. The
combination method simulated a scenario in which either the physician judgment or the
algorithm alert would lead to therapy for potential sepsis, whereas the sequential method
simulated a more common clinical practice in which the algorithm alert would be confirmed
or refuted by physician judgment prior to initiation of therapy for potential sepsis.

Data elements that were collected electronically directly from the EHR onto a standardized
reporting form in REDCap included age, sex, race, vital signs, laboratory testing,
medications given, patient disposition, length of stay, and complex chronic conditions
(CCC). The CCC classification scheme uses a validated grouping of ICD9-CM codes to
categorize comorbid disease processes into the following nine categories: malignancy,
hematology/immune, respiratory, gastrointestinal, metabolic, neuromuscular, cardiovascular,
renal, and other congenital abnormalities.1®

The primary outcome was development of severe sepsis or septic shock within 24 hours of
ED triage time as defined by consensus guidelines.13

Data Analysis

Statistical analyses were conducted using Stata 12.1. Continuous variables are summarized
as the median with interquartile range (IQR) and compared using the Wilcoxon rank sum
test. Categorical variables are presented as proportions and compared using the chi-square
test. The area under the receiver operating characteristic curve (AUC) for physician
judgment, the algorithm alert, combination method, and sequential method to identify visits
for patients with severe sepsis/septic shock were compared using the method described by
DeLong et al.16 We calculated the sensitivity, specificity, positive and negative predictive
values, and positive and negative likelihood ratios with associated 95% confidence interval
(CI) for each identification method. We a priori planned stratified analyses to evaluate the
test performance of physician judgment, the algorithm alert, combination method, and
sequential method by age and the presence of at least one CCC. To account for possible
inaccuracy in perfusion and mental status assessment variables due to the EHR defaulting
these variables to “normal,” we conducted sensitivity analyses to assess for the contribution
of these variables in alert performance. We compared the proportion of visits for patients
with severe sepsis/septic shock with positive algorithm alert due to vital signs alone versus a
positive algorithm alert that included abnormal perfusion or mental status assessment. To
evaluate the possibility of misclassifying a patient with normal vital signs but who had
inaccurate default nursing documentation of normal mental status and perfusion, we
reviewed the medical record to determine if there was any physician documentation of
abnormal perfusion or mental status in the ED of all cases of confirmed severe sepsis/septic
shock that had negative algorithm alerts. Finally, we used multivariable logistic regression
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to test the strength of association for each component of the algorithm alert with the
reference standard outcome of severe sepsis/septic shock. P-values < 0.05 were considered
statistically significant.

RESULTS

During the 17-month study period, there were 138,979 total visits to the ED of which 19,524
(representing 19,124 unique patients) met inclusion criteria for fever, hypothermia, or chief
complaint of fever. Study patients were younger (median 2.1 years, IQR 1.1 to 4.6 years)
than the overall ED population (median 4.7 years, IQR 1.8 to 10.4 years) during the study
period (p < 0.001), but were similar in sex and race (both p > 0.05). The overall
characteristics of study patients and the general ED population are shown in Table 1.

Of the 19,524 eligible patient visits, 159 (0.8%) had positive physician judgment and 3,301
(16.9%) triggered positive algorithm alerts for potential sepsis. When considering the two
combined methods, 3,334 (17.1%) triggered the combination method and 126 (0.6%)
triggered the sequential method. The characteristics of patient visits comprising the positive
physician judgment, the algorithm alert, the combination method, and the sequential method
groups are shown in Table 1b. The admission rate to the PICU was 47.8% for physician
judgment-positive patients (p < 0.001), and 6.5% for algorithm alert-positive patients. Only
2.5% of physician judgment-positive patients, compared to 43% of the algorithm alert-
positive patients (p < 0.001), were discharged home from the ED.

We catalogued the amount of missing data for each algorithm alert-related variable, which is
detailed in Data Supplement 3. There was missing data for heart rate and respiratory rate in
< 0.1% of subjects, and there was no missing data for capillary refill or mental status. There
were missing blood pressure values for 33% of subjects. We performed several sensitivity
analyses to evaluate the effect of this missing data. Of the 6,399 subjects with missing blood
pressure values, 4743 (74%) had either no or one abnormal vital sign with normal mental
status and capillary refill. For these subjects, even if the blood pressure had been abnormal,
they still would have been classified as algorithm alert negative. There was one subject with
the severe sepsis/septic shock outcome in this group, who was a complex patient who looked
well with normal vital signs in the ED who decompensated on the floor 12 hours later. There
were 1,476 subjects with two abnormal vital signs where an abnormal blood pressure value
could have changed the result of the algorithm alert. Of these, one patient had the severe
sepsis/septic shock outcome, and this patient was the algorithm alert positive due to
underlying high-risk condition.

Eighty-eight (0.45%) patients of the overall eligible cohort met consensus-defined criteria
for severe sepsis or septic shock within 24 hours of ED triage time. The test characteristics
of each identification strategy are detailed in Table 2. The physician judgment method had
sensitivity of 72.7% and specificity of 99.5%. The algorithm alert had sensitivity of 92.1%
and specificity of 83.4%. When the alerts were used in combination, considering either a
positive physician judgment or a positive algorithm alert, sensitivity was 96.6%, and
specificity was similar to the algorithm alert alone at 83.3%. The sequential method had a
sensitivity of 68.2% and specificity of 99.6%. The combination method strategy achieved
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the highest area under the receiver operating characteristic curve, at 0.90. We also
determined likelihood ratios and positive and negative predictive values, which are
presented in Table 2. Figure 1 shows visit counts within each cell of the 2x2 tables for each
test.

We evaluated the primary ED diagnosis and disposition of the 21 patients with severe
sepsis/septic shock who were identified by the algorithm alert but not by physician judgment
(Table 3a). In addition, we compared process and outcome measures in patients treated
according to the ED sepsis protocol/order set to those who were not. We found that sepsis
protocol patients had shorter median times to antibiotics, as well as shorter median ICU
LOS, and hospital LOS, compared to non-protocol patients (Table 3b).

Table 4 summarizes the age- and CCC-stratified analyses for physician judgment and the
algorithm alert. Notably, sensitivity of the algorithm alert was highest in the oldest age strata
and was lowest in the 1-4 year old age strata. The physician judgment method had its
greatest sensitivity in the youngest age group, and consistently high specificity across all age
groups (Table 4a). Table 4b shows differences in physician judgment and the algorithm alert
performance in the presence or absence of at least one CCC. The physician judgment
method had similar sensitivities and specificities in patients with or without CCCs. The
algorithm alert method had increased sensitivity but decreased specificity in patients with at
least one CCC compared to patients with no CCC.

We performed sensitivity analyses to account for the fact that mental status and perfusion
assessment variables are automatically defaulted to “normal” in the EHR and thus may have
been prone to misclassification bias. First, we determined that 3,242 of the 3,301 (98.2%)
positive alerts were attributable to vital sign criteria and high-risk conditions alone, even
when mental status and perfusion assessments were ignored. The remaining 59 patients
(0.8%) had positive algorithm alerts due to either abnormal mental status or perfusion, with
two of these 59 patients ultimately meeting criteria for severe sepsis/septic shock. The
proportion of patients with positive algorithm alerts who met consensus criteria for severe
sepsis/septic shock was not different when considering a positive algorithm alert due to vital
signs/high-risk conditions alone or due to a documented abnormality in mental status or
perfusion (2.7% vs. 3.3%; p = 0.8).

In multivariable logistic regression analysis (Table 5), the components of the algorithm alert
that were significantly associated with the reference-standard outcome of severe sepsis/
septic shock were hypotension, mental status or perfusion assessment, and abnormal heart
rate.

DISCUSSION

We have demonstrated that an electronic algorithmic approach for identifying pediatric
patients with potential sepsis based on abnormal age-based vital signs and at least one high-
risk condition, abnormal perfusion, or abnormal mental status, has higher sensitivity but
lower specificity than physician judgment in a cohort of pediatric ED patients with fever or
hypothermia. Algorithm alert performance was affected both by age and presence of
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comorbid conditions. We observed the highest sensitivity when a combination of both the
physician judgment and the algorithm alert methods was used. The specificity of the
physician judgment method highlights the critical importance of bedside assessment in
sepsis recognition and underscores the importance of clinician assessment in the initiation of
sepsis protocols, and not relying solely on electronic screens. In addition, the PPV of the
algorithm alert was quite low (2.5%), likely reflecting the low prevalence of severe sepsis in
this cohort. Because severe sepsis in children will likely always be a rare outcome in any
given population at risk, screening methods are unlikely to have a robust PPV.

Determining which alert is “best” practice is a complex and difficult decision and may differ
for distinct institutions. We identified that the algorithm alert studied here has advantages
over physician judgment in terms of sensitivity, which potentially should be prioritized over
specificity in sepsis screening and clinical decision-making because of the high cost of
missing a single case of sepsis, where timely treatment has been shown to improve
outcomes.1:17 However, the physician judgment method clearly outperformed the algorithm
alert in terms of specificity. The increased specificity afforded by the physician judgment
method is also important as we consider the dangers of unnecessary treatment, including
antibiotic overuse, resource utilization, and trauma to children experiencing unnecessary
intensive interventions. In addition, it is important to be mindful about “alert fatigue”
associated with electronic alerts with high signal-to-noise ratios.18 Based on the data we
show here, with the highest observed sensitivity by the combination method, our institution
plans to implement a prospective alert utilizing a combination of both tests, where an
electronic alert is implemented along with bedside patient assessment utilizing physician
judgment, thus taking advantage of each test where most useful. However, another
institution may choose to prioritize specificity based on their identified sepsis needs. This
“either/or” method would have allowed us to identify four patients with severe sepsis/septic
shock who were not identified by the algorithm alert method but were identified by
physician judgment, indicating that there is additional valuable information provided by
physician judgment that could be missed if only the algorithm alert-positive patients were
subsequently evaluated using physician judgment. The sequential method presented in this
study, where only the algorithm alert-positive patients are evaluated by physician judgment,
displayed lower sensitivity. It is important to note, however, that the sequential method
simulated here was not truly sequential due to the retrospective application of the algorithm
alert; the treatment team was not aware of the algorithm alert result when making a clinical
decision, which could have affected the treatment decision.

The value that the algorithm alert adds in this study is that it was able to identify patients
who were not identified by physician judgment. The initial importance of this is underscored
by our demonstration that the patients who were “missed” by physician judgment had longer
times to antibiotic therapy, as well as longer ICU and hospital LOS. Because of the high
financial costs and unmeasurably high personal costs due to these morbidity- and, potential,
mortality-related outcomes in children, we consider that most centers will aim to prioritize
sensitivity in the case of pediatric sepsis recognition over specificity. That said, it is
important to understand the bedside response to a positive algorithm alert in a putative
prospective alert because this will help to mitigate the low specificity of the algorithm alert,
and thus increase the sensitivity: specificity ratio, or “bang for your buck”, in contemplating
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instituting a prospective alert. In real time, the goal of this type of alert would be to bring the
medical team to the bedside with the specific goal of evaluating the need for aggressive
sepsis therapy. Importantly, the goal of such an alert would not be to treat all alert-positive
patients with IV antibiotics and fluids, but more to raise the possibility of a sepsis diagnosis
to the treating team to ensure that it is within their differential diagnosis and that they act
accordingly based on bedside judgment. Implementation of such a protocol may be more
challenging in a center with low pediatric volume and thus less clinician pediatric
experience. However, we feel that initial implementation in pediatric centers is an important
starting point, and future studies will aim to study these centers and develop specific
interventions to increase the generalizability of these screening practices.

As there is increasing pressure both from hospitals as well as legislative bodies in some
states to put systems in place to improve sepsis recognition,19-21 it is essential to study
proposed methods to ensure that they function as envisioned. To our knowledge, one
pediatric sepsis alert has been studied to date, which defined a positive alert as temperature-
corrected tachycardia, the presence of high-risk conditions, or clinically ill appearance.?2
Reported sensitivity of the alert in this study was 81%, with 89% specificity. However, this
previous study defined the shock outcome as any patient for whom the clinician decided to
activate the shock protocol, not the organ failure-based sepsis definitions we used, and thus
could be subject to misclassification bias in the measurement of the primary outcome. In
addition, unlike our study, this previous study used only the triage set of vital signs, thus
abnormalities that developed later in the ED stay may have been missed. Indeed, in a study
by Paul et al., only 43% of children with severe sepsis/septic shock met criteria for this
diagnosis immediately on presentation, with 58% progressing to severe sepsis/septic shock
later in their ED courses.l” The generalizability of the algorithm alert in this manuscript is
currently being evaluated by the AAP Septic Shock Collaborative, in which different
implantation strategies for similar but not identical alerts are being undertaken by 21
hospitals nationwide in a variety of clinical settings.12

Several infrastructural advantages at our center allowed us to carry out this work in a largely
automated fashion. Our bioinformatics infrastructure enabled us to automatically extract
clinical data from the EHR in a rigorous manner. In addition, collaborative sepsis care
infrastructure built jointly by ED and PICU teams allowed us a mechanism to identify
patients with sepsis who may have been missed by current ED identification methods.

The alterations in algorithmic performance by age underscore the unique challenges of
sepsis recognition across the age spectrum. We were surprised to note the low sensitivity of
the algorithm alert in the 1 to 4 year old age group, as well as the low specificity in the
adolescent age group. One possible explanation for these findings is that the vital sign
cutoffs in the algorithm alert were generated a priori by the AAP Septic Shock Collaborative
and future work may help determine other or modify cut points using HER-based resources
in an evidence-based fashion.

It is also interesting to note that the negative predictive value of both identification methods
was very high (>99.8%). Although this is likely most indicative of the low prevalence of
sepsis in the population of children with fever, it is notable that children who had neither a
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positive algorithm alert nor physician judgment test for potential sepsis using the
combination method were very unlikely to have severe sepsis or septic shock (NPV
99.98%).

LIMITATIONS

We retrospectively applied the electronic algorithm alert to our patient cohort, and there may
be important performance differences if it were used as a real-time electronic alert in clinical
practice. Because of the high prevalence of SIRS criteria in the pediatric population and
concerns for a high false positive rate, an initial retrospective evaluation of the algorithm
alert was necessary to understand and optimize its performance prior to prospective
validation and implementation. The knowledge gained from studying the algorithm’s
performance prior to prospective implementation is a critical step to optimizing an evidence-
based alert. This retrospective application of the algorithm alert likely explains the
surprising finding that the sequential method in our study had worse sensitivity than the
algorithm alert alone. Had the algorithm alert been implemented in real time and a positive
screen truly triggered bedside physician evaluation, test characteristics of the sequential
method would have likely improved.

Since the algorithm alert was limited to data elements within the EHR, this strategy may
miss patients if vital signs and/or nursing assessments are not recorded in the EHR in a
timely and accurate manner. During this study period in our institution, patients who were
treated only in the ED resuscitation room did not have real-time electronic flowsheet
charting available. Although all of these patients would have triggered the algorithm alert if
data were entered into the EHR in this study, this highlights one important pragmatic
challenge of relying on an electronic alert. As institutions are actively changing over to real-
time EHR documentation in the resuscitation room, this limitation will become less of a
concern, but computer downtimes will continue to be problematic. However, an important
goal of an electronic alert is to identify the difficult to recognize patient, and the patient who
is already in the resuscitation room is not at such great risk of missed identification.

Although the perfusion and mental status findings were abstracted from nursing flowsheets
in the EHR, these values are defaulted to normal, and it is possible that there were some
patients with abnormal assessments who were not captured in this data set. This did not
appear to affect the results based on our sensitivity analyses.

Although physician judgment was made independent of (and prior to) the algorithm alert, it
is possible that physician judgment influenced nursing assessment, which could have then
affected the retrospectively applied algorithm alert trigger. Also, if the ICU team was more
likely to screen a patient as having severe sepsis or septic shock because he or she was
treated on the ED protocol, this would bias the study towards an overestimate of physician
judgment performance, and thus towards the null hypothesis. Similarly, because physician
judgment occurred as part of usual clinical care and use of the sepsis protocol could have
been documented in the medical record, we were not able to blind reviewers to physician
judgment in terms of outcome determination. However, the assessment of the consensus
criteria outcome is very prescribed and based on objective findings in the medical record
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(vital signs, standardized nursing assessments, and laboratory results), and thus leaves little
room for judgment on the part of the medical record reviewer. We are ultimately unable to
determine which direction this potential bias may have influenced our results.

It is also possible that some subjects were treated for presumed sepsis in the ED but the
pathway and order set were not utilized, and thus these patients would have been
misclassified as negative for physician judgment. The generalizability of our study may be
limited, as it was conducted at a large academic children’s hospital. Finally, when dissecting
algorithm components, it is likely that some components are co-linear (such as heart rate and
blood pressure, or blood pressure and capillary refill), thus limiting our ability to fully
determine which covariates carry the most weight.

CONCLUSIONS

We provide evidence that an algorithmic approach improves sensitivity of early recognition
of severe sepsis/septic shock in an emergency department setting over physician judgment
alone, and when used in combination with the more specific physician bedside assessment
could improve accuracy of patient identification for appropriate sepsis care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Algorithmic Alert

Severe Severe

sepsis + | sepsis -

Alert + 81 3,220

Alert - 7 16,216

Page 13

Physician Judgment Combination

Severe Severe Severe | Severe

sepsis + | sepsis - sepsis + | sepsis -

PJ + 64 95 Either + 85 3,249

PJ - 24 19,341 Both - 3 16,187

Severe sepsis prevalence = 88 (0.45%)

Figure 1.

Two by two tables that demonstrate performance of algorithmic alert, physician judgement,

and the combination method.
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a) Demographics of patients 57 days to 18 years of age with temperature <36 or >38.5 at any point during ED

stay or with chief complaint of fever during the 18 month study period. Demographics of the entire ED

population during the same period are shown for comparison. B) Characteristics of subjects with positive
sepsis screening tests.

a
Demogr aphic Study Cohort  ED Population
Total n 19,524 138,979
Age
57 days to <1 year 4411 (22.6) 19,071 (13.7)
1 year to <4 years 9,480 (48.5) 43,073 (31.0)
4 yearsto <13years 4,885 (25.0) 52,769 (38.0)
> 13 years 748 (3.8) 24,066 (17.3)
Sex: female 8,979 (46.0) 65,435 (47.1)
Race
White 4021 (20.6) 34,291 (24.7)
African American 12,384 (63.4) 87,724 (63.1)
Asian/Indian 937 (4.8) 3,678 (2.6)
Other 2,372 (12.2) 13,318 (9.6)
Disposition: admitted 4,546 (23.2) 27,100 (19.5)
b.
Patients with Positive Tests Algorithmic Alert  Physician Judgment  Combination  Sequential
Total n 3,301 159 3,334 126
Age
57 days to <1 year 203 (6.2) 32 (20.1) 217 (6.5) 18 (14.3)
1 year to <4 years 1,543 (46.7) 35 (22.0) 1,554 (46.6) 24 (19.0)
4 years to <13 years 1,053 (31.9) 65 (40.9) 1,060 (31.8) 58 (46.0)
> 13 years 502 (15.2) 27 (17.0) 503 (15.1) 26 (20.6)
Sex: female 1,586 (48.1) 63 (39.6) 1,603 (48.1) 46 (36.5)
Disposition
Admit ICU 327 (9.9) 76 (47.8) 338 (10.1) 79 (62.7)
Admit floor/observation unit 1,527 (46.2) 73 (45.9) 1,571 (47.1) 45 (35.7)
Discharge 1,418 (43.0) 4(2.5) 1,421 (42.6) 1(0.8)
Death in ED 1(0.03) 1(0.6) 1(0.03) 1(0.8)
Other 28 (0.8) 0 19 0
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